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Abstract: Objective Mutations in CACNA1A, which encodes the P/Q-type calcium channel subunit, are responsible for at least 3 
allelic diseases, namely type 2 episodic ataxia (EA-2), familial hemiplegic migraine type-1 (FHM1), and spinocerebellar ataxia 
type-6 (SCA 6). Herein we present a case of ataxia with episodic tremors in a 19-year-old man with a missense mutation of 
CACNAIA gene and summarize the clinical features, genetic analysis and treatment in this case and in his affected family 
members. Methods Physical examinations were conducted for the patient and his affected family members. DNA sample from 
the proband was analyzed with next-generation sequencing technology to identify the causative mutation. Sanger sequencing 
was used to confirm the gene mutation in the family members. Results Physical examinations of the patient revealed signs of 
ataxia, drunken gait, and tremor of his head and body. Four other members in his family had similar but much milder 
symptoms. A heterozygous missense mutation in CACNAIA (NM_001127221.1 c.4034G->A, p.R1345Q, exon 25) was identified in 
the proband, which was confirmed in the affected family members. The proband did not respond to methazolamide treatment, 
but his tremor symptom was well controlled with flunarizine, a calcium channel blocker. Conclusion Based on the clinical 
features, mutation analysis and treatment response, we suggest that this patient with a missense CACNA1A mutation, R1345Q, 


has a new type of ataxia with episodic tremor other than any of EA2, FHM1, or SCA 6. 
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INTRODUCTION 


Mutations in CACNAIA cause at least 3 allelic diseases, 
namely type 2 episodic ataxia (EA2, OMIM #108500), 
familial hemiplegic migraine type 1 (FHM1, OMIM # 
141500)'" *, and spinocerebellar ataxia type 6 (SCA6, 
OMIM #183086)". The CACNAJA gene encodes the P/ 
Q-type voltage-gated calcium-channel Cav2.1 subunit, 
which is mainly expressed in the Purkinje and granule 
cells of the cerebellum “. Nonsense and missense 
mutations of the CACNAJA gene account for most cases 
of EA2, and large deletions, duplications, rearran- 
gements, and mutations in its 5' and 3' regions expand 
the mutation spectrum of EA2 %”. Mutations in 
CACNAIA in EA2 result in loss of function of Cav2.1 
currents. Most EA2 patients respond well to 
acetazolamide, a carbonic anhydrase inhibitor, which 
can prevent the episodic symptoms but cannot improve 
progressive ataxia“. Missense mutations in FHM1 or 
CAG repeat expansions in CACNAIA are related with 
increases in Cav2.1 currents. So far no specific me- 
dicine has been available for FHM1 and SCA6 patients. 
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There is much clinical overlap among EA2, FHM1 
and SCA6. Genetic diagnosis is currently applied by 
many clinical centers for diagnosis and treatment 
guidance. Here we reported the identification of a 
missense mutation in CACNAIA (p.Arg1345Gln) in a 
Chinese family of ataxia with episodic head and trunk 
tremor, and the proband did not respond to 
methazolamide, a carbonic anhydrase inhibitor. We 
hypothesized that the mutation p.Arg1345Gln in 
CACNAIA may cause a gain of function of CACNAIA to 
result in increased calcium entry. After treatment with 
the calcium channel blocker, flunarizine, the patient's 
tremor symptom was obviously relieved and well 
controlled with continuing treatment. 


PATIENTS AND METHODS 
Proband and affected family members 


In October, 2013, a 19-year-old male patient was 
admitted in our department for uncontrolled body 
tremor, bilateral lower legs weakness and fatigue for 7 
days. The patient reported his first experience of similar 
symptoms in November, 2011 lasting only for 10 s, for 
which he did not seek any medical attention. Four 
months later when he had recurrent episodes of tremor, 
he was brought to our out-patient clinic and was 
hospitalized. The episodes were provoked by stress and 
alleviated after rest. The patient had no difficulty in 
standing or walking. He recalled that he was neither 
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good at running nor at exercises such as jogging and 
running since childhood. Physical examinations 
revealed awkward rotation, inaccurate finger-to-nose test 
and heel-knee-shin test and wide based stance. Brain 
computed tomography (CT) scans, magnetic resonance 
imaging (MRI) and electroencephalography (EEG) were 
unremarkable. He was diagnosed with ataxia, received 
no special treatment and recovered in several days. 
Upon admission this time, which was nearly 2 years 
later, the patient had more severe tremor symptoms that 
were precipitated by emotional stress. He also 
complained of mild headache. Physical examinations 
showed head and trunk coarse tremor, intentional 
tremor, awkward rotation and drunken gait. Romberg 
test was positive. He was unable to stand when closing 
eyes. 

Suspecting that the patient's condition could be of a 
hereditary nature, we conducted an investigation for 
similar symptoms among the other members of the 
patient's family. The results showed that, as indicated in 
Fig.l, 4 of the patient's family members, the 
grandmother (72 years old), an aunt (43 years old), 
mother (40 years old), and a cousin (21 years old), had 
slight awkward gaits since their childhood. They all had 
intentional tremor with or without slurred speech. Only 
the patient's mother reported episodic attack of tremor 
when she was tired since the age of 26 years, and the 
symptoms lasted from seconds to minutes, occurring 3 or 
4 times per year; and each time the attack occurred, she 
recovered after rest. Individual III-5 died at day 20 after 
birth and III-10 died at day 7 after birth, and their 
causes of deaths were unclear. Individual II-7 died of 
lung cancer when he was 19 years old. 


Genetic analysis 


To understand the genetic nature of their conditions, we 
advised the patients identified in this family to receive 
genetic analysis for gene mutation screening. All the 
patients or their guardians gave written informed 
consent for genetic analyses and research, which was 
approved by the Ethics Committee of Nanfang Hospital, 
Southern Medical University (Guangzhou, China). 

Candidate gene mutation screening for ataxia was 
performed for the proband. The proband was first 
screened for spinocerebellar ataxia, SCA1, 2, 3, 6, 7, 12 
and DRPLA by CAG repeat expansions. Due to the 
negative result, next-generation sequencing (NGS) 
coupled with DNA target-capture array was performed 
on Immumina HiSeq2000 platform by BGI (Shenzhen, 
China) as reported”® '™, The solid phase array captured 
all exons, splice sites and the immediately adjacent 
intron sequences of 1508 genes involved in genetic 
diseases including 19 ataxia causative genes. 

The reported candidate gene (CACNAJA) mutation 
was further confirmed by Sanger sequencing for all the 
suspected cases in the family as well as the unaffected 
family members as controls. The suspected mutation 
primers were as follows: 

CACNAIA-exon25F (forward): 5'-ACCAACCCTGGGAC 
CAGAAC-3', 

CACNAIA-exon25R (reverse): 5'-TACTGCCATCTGCTG 
GGAAG-3', 
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Fig.1 Pedigree of the family with ataxia accompanied by episodic 
tremor. |, Il, and IIl represent 3 generations. Individuals who had 
ataxia with or without episodic head and trunk tremor are 
indicated by a black filled circle (female) or square (male). Arrow 
indicates the proband (Ill-13), a 19 year-old man. A shadow-filled 
square (IIIl-9) indicates a mutant carrier without any symptom, 
who was 20 years old. 


Pa 


Treatment 


The patient was diagnosed as having EA2 before the 
result of NGS genetic analysis had been available. Upon 
this diagnosis, he was treated with one tablet of 
methazolamide (50 mg) for 3 times per day for one 
month, but did not show responses. After the identifi- 
cation of the CACNAJA mutation by genetic diagnosis, 
the patient received long-term treatment with 2 flunari- 
zine tablets (5 mg/tablet) in the morning and one in the 
afternoon till now. By now the patient has been followed 
up for 3 years. No drug was given to the other affected 
members of his family because of their mild symptoms. 


RESULTS 
Results of genetic analysis 


Genetic analysis of the proband for screening 
spinocerebellar ataxia, SCA1, 2, 3, 6, 7, 12 and DRPLA 
did not yield unremarkable findings. Further DNA 
analysis of the proband with NGS coupled with 
target-capture array identified a known pathologic 
heterozygous missense mutation in CACNAIA (NM_ 
001127221.1, ¢.4034G—>A, p.Arg]345Gln, exon 25). 
This mutation was reported in a Portuguese family with 
slowly progressive ataxia and hemiplegic migraine, 
causing an arginine-to-glutamine change to result in 
gain of function of Cav2.1 currents”. 

All the DNA samples from generations IT and III of 
the pedigree were analyzed. As illustrated in Fig.2, 
Sanger sequencing confirmed this mutation in the 
proband and all the other 4 affected members and in a 
20-year-old carrier without symptoms yet. This result 
demonstrates that mutation in CACNAIA (p. 
Arg1345Gln) is the pathologic mutation for this family. 


Treatment outcomes 


The patient's symptoms of tremor persisted while he was 
waiting for genetic results. During this period, the 
patient was unable to work. Given that the patient was 
not responsive to methazolamide and R1345Q mutation 
may cause an excess of intracellular calcium entry as 
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reported in the Portuguese family study”, we treated the 
patient with calcium channel blocker (CCB), flunarizine 
(5 mg/tablet, two tablets in the morning and one tablet 
in the afternoon). Because calcium channel blockers 
have been standard migraine prophylactic drugs for all 
FHM"*, p.R1345Q mutation was described in a patient 
with ataxia and migraine, and our patient had mild 
headache when he had attack of tremor, informed 
consent was taken for flunarizine treatment. We did not 
apply for clinical trial registration. The patient's tremor 
resolved gradually after 3-4 days of treatment except for 
ataxia. His symptoms recurred once he stopped the 
medication during the 3-year follow-up. 

The clinical features (without hemiplegic migraine) 
and treatment outcomes of the patient suggested that our 
case did not match the diagnosis of EA2, FHM1, or SCA 
6, but probably represented a new type of ataxia with 
episodic tremor. The patient still had ataxia, but was 
free of recurrent attack of tremor, and was able to work. 
The treatment result suggests that R1345Q mutation in 
CACNAIA may cause gain of function of Cav2.1 
currents, which explains the patient's unresponsiveness 
to methazolamide treatment. 


DISCUSSION 


Here we presented a Chinese family having ataxia with 
or without recurrent attack of tremor. Genetic analysis 
revealed a missense mutation R1345Q in CACNAIA as 
the disease-causing mutation. The patient responded to 
flunarizine but not to methazolamide. 

R1345Q mutation in CACNAIA identified in our 
case was previously reported in a Portuguese family with 
progressive ataxia and hemiplegic migraine (R1347Q)”. 
Different from the Portuguese case, our patient mainly 
suffered recurrent attacks of head and trunk tremors 
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in addition to intention tremor. Reports had docu- 
mented one case of intention tremor caused by T666M 
mutation! and two cases with head tremor caused by 
mutation of either p.Cys1370Tyr'* or p.Leu617Val"®. 
Therefore, to the best of our knowledge, there is no 
previous case report of patients carrying a CACNAJA 
mutation and exhibiting head and trunk tremor as the 
most significant presenting symptom. Hemiplegic 
migraine did not occur in this present case, and all the 
other affected family members had only mild ataxia; 
imaging examinations revealed no remarkable brain 
atrophy in our case, which was present in most of the 
affected Portuguese family members. We thus conclude 
that the same mutation in CACNAIA gene may cause 
different phenotypes in the two families. 

The patient did not respond to carbonic anhydrase 
inhibitor, which is currently the most efficient treatment 
for EA2 patients. In a case report of CACNAJA mutation 
that was associated with paroxysmal head tremor, the 
patient responded well to acetazolamide’. Alonso et 
al"! suggested that R1345Q mutation in the S4- 
transmembrane segments domain LI might have gain of 
function of the calcium channel because it was similar to 
R192Q and R583Q mutations located in the 
54-transmembrane segments domains I and II, which 
increase the calcium currents” '” '*, However, there is 
no experimental evidence to support this assumption, 
nor did the authors reporting the Portuguese familial 
case described treatment of the affected members"”. We 
hypothesize that R1345Q mutation in our case might 
also increase the function of the channel to result in an 
excess of intracellular calcium. Treatment of the patient 
with the calcium channel blocker flunarizine effectively 
relieved the symptoms. Flunarizine treatment provides a 
new strategy for patients who carry a CACNAIA 
mutation with gain of function of calcium fluxes. Based 
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on the clinical features and treatment effect, we presume 
that our case may not belong to EA2, FHM1, or SCA 6, 
but represents a new type of ataxia with episodic tremor. 
Additional experimental evidences are required to verify 
any functional changes related with R1345Q mutation, 
and the effect of the flunarizine treatment awaits further 
confirmation by large-scale clinical trials. 

In conclusion, we believe that this ataxia family 
with or without episodic attacks of tremor expands the 
phenotype of CACNAJA mutations. Genetic diagnosis 
has provided important guidance for our decision on 
flunarizine treatment for the patient. 
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